Necrophagous flies breeding on carcasses face high selection pressures and therefore provide interesting opportunities to study social adaptations. We postulated that gregariousness in necrophagous blow fly larvae is an adaptive response to the environmental constraints of fresh carcasses. Cooperation is indeed believed to be key to the global success of social species. To test this idea, the development of Lucilia sericata (Diptera: Calliphoridae) larvae growing on low-or high-digestibility food substrate (control or trypsin-added ground beef muscle, respectively) at different larval densities was monitored. Results showed that larvae developed faster and had decreased mortality at high than low larval density. Furthermore, aggregation had no deleterious effect on the morphological characteristics (e.g. size) of postfeeding larvae and adult flies. We concluded that increased density positively affected population fitness, which is a conclusion consistent with the predictions of the Allee effect. Compared with those fed on regular food, larvae fed on high-digestibility food had reduced mortality and faster development on average. From these results, we postulated that collective exodigestion might be an adaptive response allowing blow flies to colonize fresh carcasses before the arrival of other insects and the multiplication of microbes. This hypothesis is consistent with the idea that cooperation may enable species to expand their niches.
Necrophagous flies breeding on carcasses face high selection pressures and therefore provide interesting opportunities to study social adaptations. We postulated that gregariousness in necrophagous blow fly larvae is an adaptive response to the environmental constraints of fresh carcasses. Cooperation is indeed believed to be key to the global success of social species. To test this idea, the development of Lucilia sericata (Diptera: Calliphoridae) larvae growing on low-or high-digestibility food substrate (control or trypsin-added ground beef muscle, respectively) at different larval densities was monitored. Results showed that larvae developed faster and had decreased mortality at high than low larval density. Furthermore, aggregation had no deleterious effect on the morphological characteristics (e.g. size) of postfeeding larvae and adult flies. We concluded that increased density positively affected population fitness, which is a conclusion consistent with the predictions of the Allee effect. Compared with those fed on regular food, larvae fed on high-digestibility food had reduced mortality and faster development on average. From these results, we postulated that collective exodigestion might be an adaptive response allowing blow flies to colonize fresh carcasses before the arrival of other insects and the multiplication of microbes. This hypothesis is consistent with the idea that cooperation may enable species to expand their niches. © 2018 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Collective behaviour is a powerful adaptive strategy to cope with a harsh environment, and cooperation is believed to be key to the global success of social species (Cornwallis et al., 2017) . Although eusocial Hymenoptera such as bees and ants are wellknown insect societies, gregarious insects also provide interesting examples of efficient collective strategies (Choe & Crespi, 1997; Costa, 2006) . Grass e (1946) defined a category of social behaviour as having a 'mass effect', that is, a group effect caused by a modification of the surrounding medium by the population itself. A striking example of this idea is provided by terrestrial crustacean woodlice, for which desiccation is a primary concern: in response to this environmental stress, aggregation offers group protection against drying (Broly, Devigne, Deneubourg, & Devigne, 2014). Deneubourg, Gr egoire, and Le Fort (1990) also observed that bark beetle larvae aggregate and use communal feeding to overwhelm the reaction of the tree. Similarly, social spiders collectively inject digesting enzymes and then suck up the liquidized prey content, thereby exploiting a common resource that was jointly created (Schneider & Bilde, 2008) . In flies, egg aggregations allow larvae to warm and moisten the surrounding organic material (Barnard & Geden, 1993; Bryant, 1977) , improve larval ability to dig and burrow into the food (Durisko, Kemp, Mubasher, & Dukas, 2014) and limit the growth of competitive fungi (Rohlfs, Obmann, & Petersen, 2005; Zvereva, 1986) .
Blow flies (Diptera: Calliphoridae) are the most widespread and abundant necrophagous species and are attracted to carcasses quickly after death (Smith, 1986) . Female flies lay eggs on fresh vertebrate carcasses, on which their larvae feed until metamorphosis; larvae are confined to the carrion until they reach a sufficient weight/instar. Although some studies have reported competition among carrion fly larvae (Denno & Cothran, 1975 , 1976 Feinberg & Pimentel, 1966; Hanski, 1987; Ives, 1991), Flores, Crippen, Longnecker, and Tomberlin (2017) observed that female flies do not preferentially oviposit on carcasses without larvae, and several studies have shown that ovipositing gravid blow flies enhance the attractiveness of carrion (Brodie, Wong, VanLaerhoven, & Gries, 2014; Denno & Cothran, 1975; Jiang et al., 2002; Kneidel, 1984; Wertheim, 2005) . Therefore, egg aggregation is clearly not avoided and is even sought by adult blowflies. Furthermore, during the three feeding instars, calliphorid larvae actively aggregate (Boulay, Deneubourg, H edouin, & Charabidz e, 2016; Boulay, Devigne, Gosset, & Charabidz e, 2013) : masses of several thousands of larvae are commonly observed in the field (Fenton, Wall, & French, 1999; Slone & Gruner, 2007) . Because females and larvae should avoid competition, whether necrophagous
